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Search for Centaur0 Events in the 
DO Detector at Fermilab Collider* 

h1.V.S. Rao 
Tatsa Institue of Funclanlental Resea.rcll, Bonhy - 400 005, Ill&a 

For the DO COLLABORATION 

Abstract 

\I’e report, prcliininary results of a Ptloikk C’a.rlo stntly to search for Ceiit~auro 
event,s in the DQ Detector a.t Ferndab. hIontecarlo simuhtion of minimum 
bias evel1t.s a,re being ca.rrietl out using t,he ISXJET a,ntl DOGEANT pa.cka.gea 
to study t,lle detector response for lore energy particles and t’o untlerstalld t,he 
I~ackg~onntl. Preliiuhwy illtlicat~ions are tlmt lhe detector is capa,ble of resolV- 
ing individual particles. Further ~cork on developing reconstruction algorit.hm 
for iiitlivirlual particles is in progress. 

1 Introduction. 

‘l’lle Brad-.Japan (B-.J) collal~ora.t,ioi~ group foul~tl in t,heir emulsioli clmiiher espcwcl 

t,o cosmic raJ.s al &It.. C’hacalta~~a (atmosplleric clept’ll 530 g/cm”) a. sCmige r\wlt 
wllicli t.lieJ. iianiecl as C’eiltma.uro-I l. It, is t,lle first example of a.11 est~renicl~~ rich llatlroll 
f’atilil~-. which is iiiterpret~ecl as clue to a new tmJ7pe of nuclear int~emction wit,11 produ~*- 
1 ion of al>o\ltm 100 liadroiis wit,hout. einissioii of gainma-rays (11eut.d pioils). Fudller 
searcllcs frown B-J group has revealed four more evel1t.s of C’enhuro t’ype” ancl ouc 
frown l’aalir esperiment” ht. none from AIt,. Fuji’ ad hIt#. Iianhala.” experiments. 
Ilowe~-cr the (I’eiita.uro-I e\7eiitm stands out, coinplet,ely from t,he sa.mple 218 it is t lie 
oiil>- e\.ent’ wit,11 estreinelg- small ga.inina-ray (t,lie term gamma-rays will hereafter lw 
usccl to tlcii0t.c rlect.roi~u and ga.mna-ra,ys) coiit,eiit hit rich iii hadron collt~t~ilt~ aid 
lIe11w atl~ra.ctetl a grea,t cleal of att,eiit,ion. All other events 1la.w gamma-ray cotltvllt 
coi~~paral~le t,o t1ta.t of liaclrons. The energ)’ of t,lle C’entauro e\-ent. is dilmtc(.l t.o lw 
I.500 Tc-1,’ in the 1a.l) systein. Accelemtor searches for (I’eiit.auro I,yl)e of iilt~erad ions 
(‘i1clvcl ill lrl.lll rcs11lt,s so faPw8. 

*I+qwr ~“.r”“lltPtl at I IIC n th Intenrat.ional Svmposirun 011 \‘er\, HigIl lhrrgv (‘os~~~ic-l<~~y l~rlc*rac- 
tiom. 2.1-X) July. 1!,94, Tolcyo. Japan. 

1 



L&ides t Iic B-J group, efforts were made I>\- ~nany otlwrs t,o 11ntlcrs1 a11r1 t hc 
( ‘wt aura-I cvellt”-2” . Bjorkeu and RIcLerran”’ post,ulatcd tllc esistcnce of’ a 11vu 
compolleilt . a dense primordial glob of uuc1ea.r mat,ter or qliarl< niat.trr, iii t’lie l~ri- 
Inary cosmic rachtion, which peadrates deep in the at~inospllere alit1 gif*es rise t’o 
( ‘cl] t’auro-I t,ype of el-ent,. Iiinnuaen ant1 Rul>l~ia,15 consider the possihi1it.y of procluc- 
t.ioii of (.‘cutauro e\.ent.s due to lia.rcl collisions between liaclronic const.it,uwt,s and rule 
out t lie saiile based upon flus coiisitleratiolls. 

Tlie possil>ilit’Jv hat’ t,lle fluctuated air shower cores mimic C’ciit aura tJye of c\7rut s 
lias Iwwl st,ucliecl in great, clet ai120-2’i. No one 1la.s succeeded ill rcproduciug t.llca 
( ‘wt.awo-I event8 t Iiougli other e\yeiits of C’eiit.auro tJ,pt-’ \vere uq~rdr~c~~l. Acliay,a 
c f UP” have sllow~l t~hrough Rloutr C’arlo simulatious that t,llose C’entmauro c~\wds ill 
wliicll gainiua-ra~y content. is coiqmrable to that of llaclrons. could be ui~clerst~ood as 
rst8wine fluctuat.ions in a,ir shower cores using conventmiod pll.\*sics a.iltl conclutletl 
that. 1 hew we1it.s cl0 ilot’ helong to he same class of evei1t.s as C’entauro-I. The pos- 
sihilit’)- t,hat a liea.\y nucleus iiiterartmillg rat,lier low iii the at,inospliere and gi\re rise 
1 o ( ‘cntauro-I tJ*pe of e\-ent. was considered 11~ Acharya and Rae”‘. The\, ha\-e sl1ow11 
t,llat it, is possible t.0 reproduce the event. tmllougli t,lie total nunilwr of such eveilts 
c‘sl)ectecl iii the global clat,a is 2 x IO-” as against, one ohewetl went. 

Ehrlicr searches at acccleratmors were carried at, the C’ERN SPS collider at. ccnt(~r 
of’ iiiass energies of 5-1-O aacl 900 Ge\,‘. corresponding t.0 lahrat.or\- euergies of I-l(i a.litl 
400 Te\,’ respect,iively. The 1legat.k.e results from t~llcsc searches is pcrl~aps ha uw 
t.lle etwgies a.re l)elow t,llc t~hresllolcl for production of C’ellt,auro rl*ent.s. Tile cwt~(~t 
of mass ellepq. at t’lle Fermilab collider is 1.8 Tel:, correspoutliq (‘0 l,(iOO Te\: ill 
t 11(> lal>oratoq- frame. Therefore, if (y. t, en awe el-ehs a,re produced ill lligll cwfqg’ 
wllisioiis. t~liey sl~oulcl be seen at, t,lie Ferniilal~ collider. 

The DC) cletect’or, opera.tiq at, t’lle Fermi1a.G collider. has charged part,icle t,rackillg 
caphilit 1. 111) t,o 3.2 wits of pseuclo~apiclit!-, a. nearl?- liemletic liquid a.rgo~i caloriniet (‘1 
co~wiiig a range of approsiinat~ely 4 units of p”euclo~apiclit’!. alit1 capa.ble of scparat.c~l>. 
nwa.suring elect.rons ancl haclrons, a.ncl a. muon spectrometer. Thus, it is well suihl 1 o 
warcll for C’enta.uro t’\ye of eveat’s. Iii the following wct,ions, we &a.11 I)riefly clt3crilje 
the D(~klet~ect.or and present’ some preliiiiiila.r~* result3 of hloiit~ecarlo sbutlies. 

2 The 00 Detector 

7’hv DO Dctcctor is primarily designed t.o stud!. high mass statw anA Inrgy 1~1. 1)11(.- 
imimia. It I,asicall\- consists of’ thee vlvmrlkts : t,lw (.‘wlt ra.1 Dch~ctor~. I.11~ lic]rticl 
.\qpi- I!ratiiit1ii calorilwlc~r and tile outer ii1uoi~ cldrc~l or . h scllcwa( ic of t II<> dokc~- 
toi. is sl~orvn in Fig. I. De1 ails of t lw cletcctor ca.ii I)(~ ~ou~~tl els~wI~c~~~c~~~. 



2.1 The Central detector 

Tile central tletcct.or consids of tile J’ert,es Drift, C’anll)er (VTS), the Transition Ra- 
diation Dekctor (TRD), tile C!entral Drift’ ~‘lmmber ((.:D(‘), and two Forward Drift, 
Vllaldxw (FDC’). 

Tlie \,‘TS clminber is die iiiiierniost, tracking clet’ectmor and pro\Acs a. t,racli rcso- 
lut~ioii ol‘ 60 pm. Tile efficiency of seprating a ]mir of t,racks 1,~. al lea.st 0.63 nm is 
00 % . 

Tile TRD detmectmor occupies t.he annulus Mween the VTS and t.lle C!D<l! autl sen*es 
to give a~dtletl, iiiclepeiidelit~ elect,roii itlciit~ificat ioii to t,lia 1. afforded 1,~ t.lie ca.lol.il~ir~l,c,rs 
ill t.he region 1y < 1.6. It, responds to pa.rt,icles \vit,li Loreiilz factor > 10”. It, I)ro\.i(lw 
a rc:ject ion fact.or of approsinia.tel~* 50 for pioiis while retaining an cfficiclic\v of !)O’jT 
t’or elect~rolls. 

‘I’lle C’D(’ provides coverage for t’ra.cks at, large angles, aft,er tile TRD ant] just, 
prior to tlleir ent,ra,nce into t,lle (I’enbral (I’alorimet,er. The FD(!‘s extend the coverage 
ClOi~ll to 5°degrces wit,li respect t,o botll einergiiig I>ea.ms. Spat ial resolut iolis ill tmlicl 
(‘DC’ and FDC’ ITar\- I)et.\veen 150-200 pn~. 

2.2 The Calorimeters 

‘I’l~v DC.1 (I’alorimet~er is a lTranium - liquid Argon sampling calwinlcter wit11 a sell~i- 
]m~ject.ix~e geonlet’ry. X scllemat,ic of tile Cla,lorimeter is sllow11 in Fig. 2. It’ leas a ucarI~- 
4;: solid angle co\-era.ge. Tile C’alorinwt’er is &I-icled into t’llree sepra t’e scct,iolls: O~IP 
(I’rnt~ral C’alorimrt~er (CC!) and t’n-o End Calorimeters (EC’). Toget.her tile- co\~:r tile 
wliole wgioil of ‘1 - Q space. escept for a. sinall region around ‘1 = I .:3.5. wlwre tlicw 
is 110 mvera.ge for elect,roiis. Iii die region 0.8 < 1711 < 1.4, ail arm!. of sciiit~illat.ors. 
called 11~ Inter (I’r\wst,a~t Detect,or (ICD), and aclclit~ional sanq~ling clet#ect,ors callrtl 
Alasslew Ga,ps (RIG) are iiistmallecl t’o iinpro\-e die perforiiiaiice. 

The (K’ is of iiiotlular construction. It’ consists of t,liree coilceiit~ric cylinclcrs of 
~notlulcs of about, nine feet, in lengt,h. Tile first, ring of 32 modules is tile Eledro- 
lllagnet~ic ( EhI) sect ion for t,he energy- measurements of elect~rons and pllot.ons. Eacll 
ERI uloclule is subclividecl int,o four rea.clout layers. Tile nest, ring of sist.een motlrdcs 
is t,llc Fine Haclronic (FH) section. Tllese modules are clividecl in radial clept’ll into 
tllrec readout, layers. Tile la,st’ ring of sideen moclules is t.lw ~.‘ourse Hatlrollic ((.‘II) 
scct,ioll: eacll moclde leas only one readout layer. Tile Ehl sectSion 11as a tot,al cle~,t.ll 
of 20.5 ratliatmiou leugtlls. a.ncl t,lle Ehl. FH a,ucl C’H sect,ions t,oget.ller preseutm a tot al 
ot’ 7.16 Iluclear int~era.ct,ioll lengtlls ho liatlrouic sl-losers. Tile EhI and FII 11lotl11lrs 
ust’ Itixiliutll as alwrlber inaterial , wllilc tlie (.‘H uses coplwr. Tlw (‘(’ leas a S~~IWII- 
t a( ion in ‘1 and 0 of ?ilj = hd = 0,l iii most, of tile rea.tlout ]aJvrs of t liv (,a]ol.ilii(~t w. 
‘I’lle csccptiol~ is tile t llircl la>-er of t.lle ERI modules wl~rw the sllowcr maxinl~lnl fol 
r~lect,roiua.gilet ic showers is expected. It has t.raiis\wse seginellt~at.ioil b/j = b0 = 0.05. 
l’liis allo\\s for Iwt.t.er posit ion resolitt.ioil. 



The IX is also mocl~dar in constructioli. The EC’ ERI lllotlule faws t~o\vaI-tls 
ll1e ce11tcr ot’ tl1v detector. Behind he EC ERI ad cenhwl is 1 he Inner I-Iatlrol~ic 
(IH) 111oclule. In a concenhic ring around the IH motlule are he sistmeeu hIicltllc 
Hatlroliic (NH) niotlules. And in a conceiitric ring around t,lie RlH motlulcs arc the 
sist,een Outer Haclrollic (OH) modules. The EC ERI has a t,ot,a.l of 23.:3 radiat’ioll 
lengtmhs tli\.idetl intmo four readout layers. The IH and ERI conhine t,o give 8.2 uuc.lcar 
int’eradioii leiigt~lis. The NH and OH rings, t.ogeher wit,11 the III a.11~1 EC Ehl, give 
t Ile same number of int~eract.ion lengths ox*er t,lie full coiita.iiiiiieiil, range of the E( ‘. 
l’lie segineiitatioii in 11 aacl f$ is t,he same as iii die (1’(1’ except. at. t.lie higher \*alltes 01 
11, I/II > 13.2 (jqj > 2.G fog t~llirtl EN layer). 

The I( 2) consists of t,wo rows of l~ose’s, coiit,aiiiiiig sciulillat~iilg t.iles, iiwr~litml 
on the EC’ wall. The size of the Cles is such that t.lq. co~lfom~ t’o t,lle t~ransvww 
wgiiwut aCon of tlic caloriinet~er. 

The (“alorimder was calibra.ted wing test, l>eams of eledrous alltl pions ill ihe 
energy ra.iige Z-150 GeV iii fixed t,arget runs. From this c1at.a. t.lie linearity of the 
( ‘alorinder response with energy, energy and posit~ioii resolutSion. tmlic rat.io of t Iw 
Valorinlet er response for electrons and pions (t /7f mtio), iiniforiiiit~\~ and sllowt~ slraIw 
were clet,ermined. The response of t.lw (I’a.lorimet.er is hear above 10 GeV and t lie 
ch*iatSion from linearit,)- below 10 Ge\’ is no more t,llan 5’X1”‘3. The cncrg~- rcsolutiou 
is approsiiimtely 159$/ JE f or elect,ron and approsimakl>. 50%/ fi for hat-irons. The 
Imsit ion resolut,ioo is - 1 nun for elect~roiis niid 10 inni for pions. 

2.3 Muon Detector 

1‘11~ inl10li detector consids of two si.ih\-steins; the \\?clc IZiiglc RIuon Spwt roiwtc~t 
(\\MlUS) for tl Ie ceiit’ral region and the Small Angle hluoii Spect~r0inet.w (SAhIIlS) 
for he end regicms. They a.re loca,tecl beyond he Ca.lorhekr region a,ncl consist’ 
of t.hee IaJvers of proportioml drift’ tubes (PDT) and magnet izecl irm lwt,weell t 1~ 
iiiiiermost. t.wo la.>-ers. The magnet~ic field is 2 ksla. The s\-st’em COTWS t#lle region 
Ii]1 < :3.:3. 

2.4 Level 0 Hodoscopes 

The iuforiuatioii oil wliet.lier jip collisioiis occurred during a hemi crossing is supplicd 
l>J. t wo sets ol s&it illa.tor liotloscopes. This iuformatioll cow&s of a. colllpariso~l 
lwtnwn t lie time of ani\-al of particles iii the forward aid Imck\vard (lirwt ioiks as 
t lie\- iutcract wit,11 the liodoscopes. The l~otloscopes arc located iii space I)et \vwi~ 
eacll of’ t.Ilc; two I?:(-“s ant1 FDC”s. Ea.& collsish of t,wo planes. ‘.l?l~q. gi1.e a 11tta1.1~. 
cwmplet.e co\-crage O\.CJ 2.2 < 1111 < S.0 ant1 a.t least partia,lly o\w l.!) < /t/l < 4.1). 



2.5 Trigger 

I’lle DO t,rigger scheme is <Ii\-iclecl into three levels and one sul~lcvel. Tlw Le\d0 
trigger conies from the Level 0 liocloscopes and iilclica,tes t,lle occurre~~ce of all iurlas- 
t.ic ilit,eract~ion. It’ tliscriinina.tes against. he beam-gas iilt,eractious ant1 also supplies 
t.lie iicst, lcld of t,rigger. Level-1, wit.11 coa.rse vertes iiifornmtion and informat,ioll oil 
iiiult iple int,eract~ions. Lewl-1 is a. liarclnwe t’rigger and is cli\7itled iiitjo 131 sets of 
pi~og~aiiin~al~le trigger conditions, which a.re tllreslloltls on \rarious det.ectmor varial>les. 
It. reduces the trigger ra.te from hsicall~- t,lie crossing rate of a,l>out’ :JOO l;Ilz, car- 
n5poiitliiig t’o a lui~liiiositS~v of about. .5 x 10’30c,r~ s 2 -I t.0 about. 200 Hz. Leld-1.5 is 
I,asicall~v a t’rigger 011 1nuoii ii~oiii~~~t~~m and it retluck the ra.t.e to ii0 iiiore tmhil 100 
Hz. The Level-2 t.rigger is a. soft,ware filt’er a.ntl is t.he most conlplicat,ed. It ~~~luces 
the t,rigger rat-e tSo 110 more t.lmn 2 Hz, which is DCI>‘s masinlunl on-line data llautlliug 
rate for writ,ing &a. t,o t.a.pe. For each of the :31 Le\.el-1 triggers t.1la.t a.re sat,isfietl, 
a set’ of Lel.el-2 filters a.re ca.lled which are padick specific a.lgoritlms wit.11 \.arious 
t~l1resl~olcls. Dehils of he t,riggering system can be found elsewllere’“-‘“. 

The event’s hat’ will he used t,o search for C’ent,auro eyellt,s are collected using t 11~ 
ibIIN_BIAS t’rigger. This trigger requires a good Le\-el-0 trigger alltl no other filkr. 

3 Method of Analysis 

l‘he st.rat,eg:v of t.lle sea.rch for Clent,auro events ill the DC3 Dekct’or tlep~ltls 011 1~11~ 
i,ltr~l.l>r(“tat’ion of the event,. The Brasil-.Japan group’s ilrt’cl.l”‘et,at,ioll is ht. a, fiwhll 

of maw - 230Gt l,y/c2 is proclucecl, which c1eca.J.s into w 100 lmryons ailtl aiitil>aryxls. 
111 t,llis case. t’lle c1eca.y padicles are clist,ril:,ut.ecl isotroyica.lly ill the ceilter of mass 
s)-steni wit’11 a mea.11 11~ of cy ‘2.13 Cie\-/c. No T” s are produced. 

111 t’liis case. we expect’ a. large eiiergl\- deposit, iii t,lie ldroii calorilkieter \vit.ll 1io 
energ\- in t’lle ERI ca.lorimet,er clue t.o r0 s. As die padicles iiivol~~ed are of low eiiergj-, 
with ail average energ). of a few GeV, t,lie low energ!- response of t,lie ca.lorimet,er Iias 
t’o be carefully st~udiecl. M71iile the low energy response is sat.isfact,ory, a.s meiit~iolierl 
earlier. a.lgorit~liins for recoiist,ructing iJitli\*iclua.l lmclrons are t,o be tle\~elol>ecl. 

Also, since t,lie search for C’eihuro events has to be clone among iniiiiiiiuni hias 
Px7eIlt~s and high nirdt iplicities are eucounteretl in these el-eiit,s, it. is necessary to iii- 
\.cst igat’e whether individual particles can be resoled alicl their energies liwasuIcc1. 
l?or this prirpose, hIout eca.40 siinulabion of iiiiiiiiiiuiii bias e\-eiits has Im=w carrictl 011 t. 

airtl t’livir featums stutlietl. 

4 Monte Carlo Simulations 

.\I )ollt 200 lllillinlcun bias events arc: generat.ecl using t 11~: 1S;i.J ET paclcagc>“-‘. ‘I’IW 
c-*\.c>llts cwilsist olily of’ hain jvts aiitl ii0 llartl scat tcriilg al all. 111 od(lt. 10 I,(% ik.l)l(* 



lo itleiit~if:\~ t.he individual particles, the il~iilimuin separat,ion Iwtwee~i particles in t Iw 
11 - (3 space sl~oultl be larger than bhe DO Clalorheter rrsolrltion. 

The ISAJET pchge st’ores he energy, nlomeut,a., t,he allgle, 0, wit.11 respect to 
t’lle Iwarn direction. the angle. 0, in t’he plane perpendicular to t.he beam direct ioIl, 
alid t,lle 1)seutlorai~itlit,!. of each particle. C~a.iiuiia ra,Jx, which are t,lie cleca\r produc.t,s 
of 7r” alit1 11 inesolls are also shored. 

Tlw quai~t~ib>, SR = dm *: ih calcula~tetl for each pa.ir of pahicks ii1 vacll 
e\-rYltm. The clist~ril~ut~ion of t’lie ininiinuin value of 6R for t,lie pairs gamma - gamma, 
gamma - 1 lac roll aiicl hdron - hadroll are sliown iii Figs. 1 3. -I- a.nd 5 respecti\*clJ-. It. 
is well t.llat, mean values a,re a.boutm 0.6 ailcl most, of t,lie e\veilt.s lla.ve 6R > 0.2. Siliw 
tmlle DCJ (.hlorinlekr has a. moclu1a.rit.y of 0.1 x 0.1 in ‘1 - @ space, it. is possible to 
ilicli~~iclually identify a. iiiajorit’y of in&\-iclua.1 padicles in iniiiilnuni bias eveiit,s. 

Fig. 6 shows t.lie sca.t ter plot of t’lie t,ot,al energy iii ga.niina raJ3, wllicli are wwi1- 
l~ia.ll!. due t’o cleca~. of ire a,ntl ‘1 inesoiis. wr.51~~ tmlle t.ot,al energy ill hadrows. ‘Ilwrc art’ 
no c>vc.lnt’s iii t’lie I~ot.t~oiii right, corner of the plotm. wlicre Clent.auro events are cspectetl 
to pol)ulat’e. Processing these e\-ent,s wit.11 the DOGEXN?’ package t,o gencrak ltits 
ant1 energ:- depositIs in \various elenwat,s of t.he DC3 Detmect.or, a,ntl reconst,ruct,ion of 
t,IlfA cl-wits is ill progress. 

5 Conclusions 

Rlorit.ecarlo siiilulat.ions show t,llat’ it is possible to itleiitif:\* iiidi\.icllial pnrt~icles ill 111~ 
DO Dct~ector. Algorihls for recoiist.ruct,ing iii&\-idual particles ha\-e t’o he de~~c~lop~~l. 
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